Coarctation of the aorta with right aortic arch and isolation of the left innominate artery: A surgical challenge in a patient without collateral posterior brain circulation  by Delgado, C. & Barturen, F.
D’Cruz,1 Levine,2 and their associates in 1966 described the
first cases of right aortic arch and isolation of the left innomi-
nate artery from the aorta. To date, only 11 previously report-
ed cases have been documented.1,3 Coarctation of the aorta
with right-sided aortic arch is rare. A search of the surgical lit-
erature revealed only 7 reported cases.4 In this report we
describe a 5-year-old girl with severe coarctation of the aorta,
right aortic arch, and isolation of the left innominate artery.
Associated agenesis of the posterior communicant arteries in
the circle of Willis was demonstrated by angiography. Because
of the absence of collateral protection of the left cerebellum,
we elected not to perform an aortic repair.
Clinical summary. A symptom-free 5-year-old girl was
referred to our center for evaluation of a heart murmur. The
examination included the following blood pressures in mil-
limeters of mercury: right arm 85/40; left arm 90/45; both
lower extremities 95/50. A grade 2/6 midsystolic murmur was
heard at the left sternal border radiating to the neck, and a
grade 3/6 long systolic murmur was heard over the interscapu-
lar area. The peripheral and central pulses (graded on a scale of
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Fig 1. Left, Aortic arch angiogram in right anterior oblique position. The film demonstrates a right-sided aortic
arch with 3 vessels arising from the arch in the following order: right common carotid (straight arrow), right ver-
tebral (arrowhead), and right subclavian (doubled arrowhead) arteries. Delayed retrograde opacification of the
left vertebral (open arrow), left common carotid (small arrows), and left subclavian (double arrow) isolated arter-
ies were observed on the same film. Underdevelopment of the right and left thoracic arteries can also be seen
(>>). Catheter tip is in ascending aorta. Right, Diagram showing the development of type AD right aortic arch:
A, The hypothetical double arch of Edwards.5 B, Interruption of the left arch in zones A and D. C, Transformation
of the left arch into an isolated left innominate artery (arrow). AA, Ascending aorta; DA, descending aorta; LCCA,
left common carotid artery; RCCA, right common carotid artery; Ida, left ductus arteriosus; LSA, left subclavian
artery; RSA, right subclavian artery; RVA, right vertebral artery.
0-4) were as follows: right carotid +4; left carotid +1; right
brachial +1; left brachial +1; both femoral and distal lower
extremity pulses +1. A frontal chest x-ray film demonstrated a
right aortic arch. There was no rib notching on either side. The
barium-filled esophagus demonstrated a right-sided impression
at the level of the aortic arch without a posterior impression.
A suprasternal transthoracic echocardiographic approach
showed an enlarged right-sided aortic arch. No vessels were
found arising from the proximal portion of the arch; from the
distal arch 3 vessels arose; the first and third trunks, in order
of appearance, corresponded to the right common carotid and
right subclavian arteries, respectively. The second trunk,
ascending in parallel to the first one, was later identified, after
angiography, as the right vertebral artery. In addition, a 12-
mm-long, 4-mm-diameter segment of aortic coarctation was
present. The origin of the right subclavian artery was included
at the site of the coarctation. Doppler interrogation of the
coarctation revealed a peak flow and mean flow systolic gra-
dient of 91 mm Hg and 42 mm Hg, respectively.
Angiography of the ascending aorta showed a right aortic
arch and right-sided descending aorta (Fig 1, left). An aortic
diverticulum was not present. The right common carotid,
right vertebral, and right subclavian arteries arose in turn
from the arch. Delayed opacification of the left vertebral, left
common carotid, and left subclavian arteries was observed on
the same film. These arteries did not fill from the arch. After
a delay of several seconds, the left vertebral artery filled in a
retrograde fashion via the circle of Willis and thyrocervicalis
collaterals. The left common carotid artery filled retrograde-
ly via maxillary collateral vessels from the right external
carotid artery and via an anterior communicating artery from
the right internal carotid artery. The left subclavian artery
filled from the left vertebral artery. It was apparent that these
vessels extended from a common trunk (the left innominate
artery) without connection to the aorta. Selective injection of
the right vertebral artery (Fig 2) confirmed a subclavian steal
from an isolated left subclavian artery. In addition to the con-
genital isolation of a left innominate artery, no posterior com-
municating arteries in the circle of Willis were found. Thus
the brain stem, cerebellum, and occipital lobes were supplied
only by the antegrade flow from the right vertebral artery,
whereas the rest of the brain of both cerebral hemispheres
depended on the flow from the right internal carotid artery.
Invasive and simultaneous blood pressure recordings
obtained by femoral and left radial catheters showed the fol-
lowing blood pressures in millimeters of mercury: ascending
aorta 211/137; left radial artery 141/109; right femoral artery
138/110. Right brachial blood pressure obtained by noninva-
sive monitoring was 135/94 mm Hg. No significant differ-
ence between blood pressure recorded in the arms and in the
legs was found. A gradient of 73 mm Hg measured by pull-
back was obtained in the coarctated area.
Surgical correction of the coarctation was not attempted for
fear of compromising the posterior circulation to the brain.
Furthermore, as a result of the origin of both subclavian arter-
ies, the right one from a coarctated area and the left one from
the vertebrobasilar junction, the normal collateral circulation
usually seen in the typical aortic coarctation was underdevel-
oped. Therefore, in this case, the risk of postoperative para-
plegia was also increased.
Edwards,5 using a hypothetical model of double aortic
arch, was able to relate the various forms of aortic arch sys-
tems to either atresia or disappearance of certain parts of the
embryonic pattern. By means of the same principle, it is pos-
sible to classify the various forms of right aortic arch in a log-
ical order, depending on the site of interruption of the left
arch. The zones of the left aortic arch are labeled A, B, C, and
D (Fig 1, right). Interruption of the left aortic arch in one or
two of these zones may result in various anatomic types of
right aortic arch. Accordingly, they may be named type A, B,
C, and D, when the interruption is in 1 zone, and type AB,
AC, AD, BD, and CD, when the interruption is in 2 zones. In
our case the interruption of the left arch at the region proxi-
mal to the carotid artery (zone D) and also distal to the sub-
clavian artery (zone A) results in complete isolation of these
2 vessels of the aorta. The absence of a posterior indentation
in the barium-filled esophagus and the lack of filling of an
aortic diverticulum in the aortogram was indicative of type
AD right aortic arch. In this case the left subclavian artery
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Fig 2. Sequential posteroanterior angiograms with catheter
tip in proximal right vertebral artery (a, b, c, and d). The
films demonstrate retrograde opacification of left vertebral
artery across the vertebrobasilar junction and by muscular
collateral vessels in the neck. The absence of a posterior com-
municating artery can also be suspected.
steals the blood flow from the right side through the cervical
and cerebral anastomotic channels and may cause symptoms
of vertebrobasilar insufficiency.
The patient did not have symptoms of cerebral ischemia or
significant differences in blood pressure readings between
arms. The origin of the right subclavian artery from the aorta
in the coarctated region, and the pulse wave attenuation in the
circle of Willis of the blood flowing from the right vertebral
and right carotid arteries, were the causes of the unexpected
equalization of the blood pressure in the 2 arms. In addition,
no significant difference between blood pressure recorded in
the arms and legs was found in the clinical examination. Only
the presence of a weak pulse of the left common carotid
artery could have been partially useful in the clinical diagno-
sis of this anomaly.
In summary, we describe an Edwards’s type AD5 right aor-
tic arch in a patient with a severe aortic coarctation. So far as
we know, this association has not previously been documented.
Because of the absence of the posterior communicating arter-
ies in the circle of Willis, the circulation of the posterior part
of the brain depended on the antegrade flow from the right
vertebral artery. The anterior part of the brain was supplied
only by the flow from the right internal carotid artery.
Furthermore, the underdevelopment of the thoracic collateral
circulation found in this patient increased the risk of postop-
erative paraplegia. For these reasons this patient has not had
a surgical repair.
We are grateful to Drs Juan Mestre and Javier Pueyo for
their valuable contribution.
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Commentary
In this case report, Delgado and Barturen have described a
5-year-old patient with an extremely unusual combination of
aortic arch anomalies and anomalies of the circle of Willis.
There is no connection from the aortic arch to the left common
carotid and left subclavian arteries, which represent an isolated
segment of a left aortic arch. In addition, there is a severe
coarctation that incorporates the origin of the right subclavian
artery from the right-sided aortic arch. There is absence of a
complete circle of Willis, so that the posterior cerebral circu-
lation is separate from the anterior cerebral circulation. These
findings illustrate nicely the embryology of aortic arch devel-
opment, as well as the potential for arch stenosis (coarctation)
or interruption to occur at points of junction of the various
segments of the developing aortic arches.
Delgado and Barturen felt uncomfortable in offering surgi-
cal repair to this girl because of their concern regarding a
high risk of either cerebral or spinal cord ischemic injury.
However, the patient has a left ventricular pressure of greater
than 200 mm. The coronary arteries are exposed to a pressure
of 211/137 mm Hg. Furthermore, the anterior cerebral circu-
lation is entirely dependent on the right common carotid
artery, and there is a steal into the left common carotid sys-
tem through the circle of Willis. The posterior cerebral circu-
lation is entirely dependent on the right vertebral artery with
a steal into the left subclavian system. Although the risks of
surgery are undoubtedly greater than the usual risks for
coarctation repair, the various problems described above in
my opinion justify the risks of surgical repair. I recommend
to the authors that they consider the use of deep hypothermic
circulatory arrest with a combination of both surface and core
cooling. A connection should be established between the
proximal aortic arch and the left subclavian/carotid system.
Perhaps this could be achieved by turning down the left sub-
clavian artery, although this might risk the viability of the left
arm. An alternative would be to insert a polytetrafluoroethyl-
ene interposition tube graft. The coarctation should be dealt
with by resection and end-to-end anastomosis, if possible,
including reimplantation of the right subclavian artery. This
procedure should reduce left ventricular pressure and ascend-
ing aortic pressure to a normal level and should provide bilat-
eral supply to the anterior and posterior cerebral circulation.
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